• Aubrey Cliffs is a wind power research site in Arizona equipped with five 30-meter and one 50-meter meteorological towers that record 10 minute average wind data. Data collected over a one year period has been analyzed to determine the wind characteristics at the site.
Introduction
• Adequate knowledge of long term wind characteristics is of concern to wind power plant developers.
• The proposed research site is located near Seligman, AZ, is owned in part by the state of Arizona and by the Navajo Nation, and has five 30-meter meteorological towers and one 50-meter tower.
• MM5 has been used extensively by meteorologists, atmospheric scientists, and engineers to simulate the atmosphere for a number of different purposes.
• Aubrey Cliffs, Arizona was used as the center of the numerical domain for a series of MM5 simulations and was the focus of this investigation.
• Two grid scenarios were developed with similar dimensions and resolutions to allow for direct comparison. 
Mesoscale Modeling 5 (MM5)
• MM5 is the latest Numerical Weather Prediction (NWP) in a series of models developed in unison with the model used by Anthes from PSU to simulate hurricanes and storm propagation.
• MM5 has played an important role in mesoscale meteorological research and the advancement of mesoscale NWP.
• The data used for this model was obtained from the NCEP FNL model in a six hour temporal resolution and 1.0° x 1.0° horizontal resolution.
• This data is then prepared for the model simulation by using the module in MM5, INTERPF to vertically interpolate data onto levels of constant reference state sigma, given as:
• The initial and boundary condition data are read into MM5 which then solves for the unknown atmospheric variables (wind speed, temperature, pressure, etc.) using a non-linear mathematical model based upon the governing physics as explained by (Grell and Dudhia, 1994) • MM5 uses second-order, centered, finite difference and the second-order leap frog technique to solve the time variant atmospheric pressure equation, three dimensional momentum equations, and thermodynamic equation. 
Overall Results from MM5
• Scheme A was used to compute several important wind resource characteristics that will assist in the site study.
• Several wind characteristics were used for comparison, including; predominant numerical wind speed and direction, terrain induced flow observations, Weibull statistics, and turbulence intensity. • The numerical predictions fluctuate more frequently than the experimental values.
Wind Speed, Direction and Wind Power Density Comparison

•
The numerical approximation was found to be consistently less than the experimental values for each wind direction and time frame.
The Weibull parameters were found to be 6-7% lower than the actual experimental values. 
Simulation Comparison
For the cases and resolution scenarios tested:
• It was found that the outer domain is not necessary to produce similar wind speed results.
• Increasing the vertical resolution produces more accurate wind flow patterns and better approximates the wind speed.
• 23 sigma levels does a poor job of characterizing the wind at low levels in the boundary layer.
• Minimal difference between 29 sigma and 34 sigma level cases 
Conclusion
• MM5 can be used to simulate the wind speed in complex terrain to understand large scale wind flow patterns and approximate magnitude of high wind speed events.
• The solver has difficulty in correctly predicting the wind direction within a moderate range of error.
• Turbulence intensity plays a significant role when assessing the feasibility of a wind power plant.
• MM5 should be implemented to operate with an adequate vertical resolution using a designed number of non-dimensional pressure levels.
• Using a large outer domain may not be required when solely predicting wind speed, but may be needed for other weather parameters.
